Acute congestive cardiac failure and hypoglycemia were observed simultaneously in 27 patients with underlying heart disease. Seventeen of this group had the hypoplastic From the
left heart syndrome, two had transposition of the great vessels, and four had hypoglycemia postoperatively. Liver biopsy in four patients revealed a marked reduction of hepatic glycogen both biochemically and electron microscopically but normal phosphorylase and glucose-6-phosphatase activity. Reduction of their dietary intake and gastrointestinal malabsorption caused by congestive cardiac failure are suggested as possible mechanisms for the observed hepatic glycogen depletion. Constant intravenous infusion of glucose is the method of choice for the treatment of patients with acute congestive cardiac failure and hypoglycemia rather than epinephrine or glucagon. Five patients recovered sufficiently following treatment of hypoglycemia and acute cardiac failure to be discharged from the hospital.
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Hypoplastic left heart syndrome Ultrastructure HYPOGLYCEMIA is a well-recognized entity during childhood, especially during the neonatal period.1-5 Although many conditions have been reported that may precipitate hypoglycemia, acute congestive cardiac failure has not been listed among these.i9 Many of the clinical signs of acute congestive cardiac failure during infancy and the neonatal period are similar to those associated with hypoglycemia. Suspicion of the diagnosis of hypoglycemia is often deterred by finding signs of congenital heart disease. In some instances a single determination of blood glucose is within normal limits and further determinations are Glucagon Epinephrine not made in spite of persistent signs of lethargy.
The purpose of this article is to report the simultaneous occurrence of hypoglycemia and acute congestive heart failure in 27 patients. Several mechanisms leading to hypoglycemia during acute congestive heart failure are suggested on the basis of heart disease and liver biopsies performed in four of the 27 patients.
Methods
Patients included in the study had both acute congestive heart failure and hypoglycemia when admitted to the hospital. The diagnosis of acute congestive heart failure was made by clinical judgment using the classically accepted symptoms and signs. The patients studied were free of disease except for cardiovascular disorders and the effects of acute congestive heart failure. In all instances the degree of congestive cardiac failure was moderate or severe. Blood sugar was determined frequently on patients suspected on the basis of lethargy, convulsions, weak cry, limpness, refusal to feed, failure to respond to the treatment of heart failure, or because of congestive heart failure alone of having hypoglycemia in association with heart failure. During the neonatal period, signs of heart failure alone were utilized as an indication for blood glucose determination. The frequency of repetition of glucose determinations during acute congestive heart failure was based on the clinical course of each patient. The diagnosis of hypoglycemia was based on the criteria of Cormblath and Schwartz,9 in other words, persistent blood glucose concentration of less than 20 mg/ 100 ml in the premature or low birth-weight infant during the first week of life, and in the term infant, less than 30 mg/100 ml from birth to 72 hours of age and less than 40 mg/ 100 ml thereafter. Capillary or venous blood for glucose determination was precipitated at the bedside and analyzed by the Nelson-Somogyi method.'0 In many instances determinations were performed in duplicate. In the critically ill infant plasma glucose was estimated quickly at the bedside using the plasma from a microhematocrit tube and Tes-Tape glucose oxidase paper in addition to the above method to prevent delay in treatment.
In four neonates on whom the clinical diagnoses of congestive cardiac failure and the hypoplastic left heart syndrome"1 were made and on whom there was laboratory evidence of hypoglycemia, liver biopsy was obtained by the percutaneous route with the Menghini needle. '2 This was accomplished in a manner not to Table 1 Clinical Data delay routine treatment of congestive heart failure and hypoglycemia. Tissue was frozen on dry ice for study within the next 7 days. Glycogen content and phosphorylase activity were determined using the standard methods described previously. 13' 14 To assess the frequency of hypoglycemia seen in association with heart failure and the hypoplastic left heart syndrome, the charts of all patients having an autopsy diagnosis of hypoplastic left heart syndrome during the period of this study were reviewed.
Results
Twenty-seven patients were observed from 1961 to 1968 in whom acute congestive cardiac failure was associated with hypoglycemia (table 1) . Of the 21 patients with hypoglycemia in the neonatal period one had a birth weight of less than 2,500 g. No attempt was made to evaluate gestational age. A congenital malformation of the heart was the underlying cause of heart failure in 26 instances. Four of these patients were in the immediate postoperative period. Seventeen had hypoplastic left heart syndrome, which was confirmed by autopsy in 15 cases. Only six of the 27 patients were more than 1 month of age. Seventeen of the 27 were males. Only five of the 27 recovered from their acute illness enough to be discharged from the hospital. The remaining patients expired from 6 hours to 34 days following the onset of hypoglycemia. The oldest patient, age 11 years, had two separate hospital admissions for congestive cardiac failure and hypoglycemia and recovered sufficiently following both admissions to be discharged from the hospital. One patient had two episodes of heart failure and hypoglycemia separated by 33 days and an intervening surgical procedure before discharge from the hospital.
Three patients who were observed before the onset of congestive cardiac failure developed signs of failure with a normal blood glucose and subsequently became hypoglycemic. The response to the intravenous infusion of glucose was dramatic in most instances, and all the patients showed some improvement. In some instances treatment was instituted for heart failure before hypoglycemia was recognized. In almost all such patients there was little or no improvement in cardiac failure until the hypoglycemia was treated. Liver biopsy was performed in four patients. The results of analysis of these four specimens are listed in table 2. In all instances hepatic glycogen concentration was extremely low. The activities of phosphorylase and glucose-6phosphatase were within normal range in the three patients on whom the determinations were performed. A representative electron micrograph of the liver specimen from case 1 shows a scarcity of glycogen particles ( fig. 1 ) that correlates well with the glycogen concentration of 0.09g%.
During the period of this study 20 patients who came to autopsy were classified as having hypoplastic left heart syndrome. Only three patients had no blood glucose determinations. Fifteen of 17, or 88% had congestive heart failure simultaneously with hypoglycemia. Of those patients with hypoplastic left heart syndrome only two had birth weights of less than 2,500 g. glucose level. On the fourth postoperative day, while in mild respiratory distress and after the adrenaline infusion had been discontinued, the blood sugar fell again to less than 4 mg %. After each glucose infusion there was dramatic improvement. The infant gradually improved and was discharged from the hospital on her 20th postoperative day.
Case 23 A 3-week-old male infant had undergone Potts' anastomosis for tetralogy of Fallot. Subsequently, signs of persistent severe congestive heart failure developed. At 40 days of age he had a generalized convulsion. The blood glucose at that time was 14 mg/ 100 ml. Before satisfactory control of his blood glucose level was attained, he had several convulsive episodes. Two months later he had revision of the Potts' anastomosis to reduce the shunt. Approximately 24 hours later while on a continuous intravenous infusion of epinephrine, his condition deteriorated and his blood sugar was found to be 16 mg/ 100 ml. He improved dramatically after glucose infusion. The infusion of epinephrine was tapered off and discontinued. Glucose infusion was stopped after an oral feeding was begun. Although intermittent episodes of heart failure occurred, subsequent hypoglycemia did not recur.
Case 25
During t-he early postoperative period following pulmonary artery banding for a ventricular septal defect, a 4-month-old male developed hepatomegaly and hypoglycemia. He responded dramatically to treatment of heart failure and glucose infusion. This infant was the smaller of a set of twins and weighed 3000 g at 4 months of age. The child improved and was subsequently discharged from the hospital. Two months later the child was admitted with bilateral bronchopneumonia and died. He had gained 1,000 g since discharge from the hospital.
Case 26
A 4-month-old female had had frequent bouts of acute congestive heart failure. Cardiac catheterization had demonstrated pulmonary hypertension due to a high flow ventricular septal defect. Pulmonary artery banding was performed. The expected improvement following banding did not occur. Respirations were labored. Four days after operation intravenous administration of fluids was discontinued, and oral feedings started. These were not tolerated. Nasogastric suction was re-instituted, but soon after the blood glucose was 29 mg/ 100 ml. The infant expired 6 hours later.
Case 27
An 11-year-old male had been followed for 5 years because of pulmonary hypertension. Previous cardiac catheterization had demonstrated the presence of a ventricular septal defect, patent ductus arteriosus, pulmonary hypertension, and an interruption of the aortic arch. He had had several admissions for pulmonary hemorrhage but had had no previous signs of heart failure. On two occasions he was admitted to the hospital with signs of congestive heart failure. At the time of the first admiission he had a blood glucose of 25 mg/ 100 ml and a pH of 7.20. He was treated with digitalis, diuretics, amine buffer (THAM), and glucose. He improved dramatically and was subsequently discharged. Approximately 3 weeks later he was admitted in heart failure with a concentration of serum glucose of less than 4 mg/100, a CO2 content of 20 mEq/L, and a chloride of 98 mEq/L. He was treated with glucose and diuretics and again improved. One month after discharge from the hospital he was admitted because of pulmonary hemorrhage with a blood glucose of 82 mg/ 100 ml. He expired soon after admission. No autopsy was performed.
Discussion
Transient symptomatic neonatal hypoglycemia has been reported to occur in 0.17 to 5.7% of live births.2 15 16 In our group of patients with hypoplastic left heart syndrome, 85% had hypoglycemia. There is a similarity in the preponderance of males reported in transient hypoglycemia of the neonate and the predominance of males noted in patients in this report. However, this predominance is strongly biased by the higher incidence of males seen with hypoplastic left heart syndrome and transposition of the great vessels. If patients with these two cardiac malformations are excluded, there is an equal distribution of male and female patients with heart failure and hypoglycemia. The marked increase in incidence of hypoglycemia in the group with hypoplastic left heart syndrome and the lack of male preponderance suggests that our patients should not be classified as having transient symptomatic hypoglycemia of the neonate. Low birth weight as defined by a weight lower than 2,500 g would not appear to be a significant factor in the development of hypoglycemia in our neonates since only 4.8% were of low birth weight. Although polycythemia, as defined by a hemoglobin level of over 25 g/100 ml, has been reported17 to be associated with hypoglycemia in the neonate, none of our patients had hemoglobin concentrations over 25 g/ 100 ml.
Hepatic glycogen is the significant endogenous source of blood glucose. In four of our patients liver biopsy demonstrated a marked decrease in glycogen concentration. This finding suggests that glycogen depletion is the mechanism for the observed hypoglycemia. Low liver glycogen may have resulted from insufficient dietary intake preceding hypoglycemia. Edema of the small bowel resulting from congestive cardiac failure may have reduced absorption of nutrients and further contributed to the glycogen depletion. Normal phosphorylase and glucose-6-phosphatase activity suggests that enzymatic function of the hepatocyte was not compromised nonspecifically by congestive heart failure. Therapy Since these patients have been shown to have a marked reduction of hepatic glycogen stores in association with hypoglycemia, and gastrointestinal absorption may be impaired, constant intravenous infusion of glucose is the treatment of choice to maintain a normal blood glucose and to restore the glycogen content of the liver. Epinephrine and glucagon are of no value since their hyperglycemic effect is attained by mobilization of hepatic glycogen. Since respiratory or metabolic acidosis, or both, may accompany heart failure in children,18 its diagnosis and treatment should be included in the management of these patients.
The case of an 8-week-old male, not included in the series but found to have hypoglycemia, a ventricular septal defect with pulmonic stenosis, and pyloric stenosis has been reported previously.19 This patient developed hypoglycemia 30 hours after pyloromyotomy. At that time liver-needle biopsy revealed a glycogen concentration of 1.296 and ultrastructural findings similar to that seen in figure 1 . Twenty-four days later liver biopsy revealed adequate glycogen by electron microscopy and a 5.4% glycogen concentration.
Circulation, Volume XL, August 1969 This evidence would suggest that hepatic glycogen depletion, at least in some instances, is a reversible process. The apparent recovery of five of our patients would support this contention. Thus, infants with operable heart disease such as ventricular septal defect, total anomalous pulmonary venous return, transposition of the great vessels, coarctation of the aorta, or tetralogy of Fallot, especially after a systemic to pulmonary shunt, should be observed carefully for hypoglycemia when there is complicating congestive heart failure. Since many symptoms are common to both conditions, frequent quantitation of blood glucose should be performed to reduce the incidence of unrecognized hypoglycemia.
